Asthma is associated with increased levels of eosinophils in tissues, body fluids, and bone marrow. Elevated levels of eosinophil-derived neurotoxin (EDN) and eosinophil cationic protein (ECP) have been noted in asthma patients. Higher levels of EDN and ECP are also associated with exacerbated asthmatic conditions. Thus, EDN, along with ECP, may aid the diagnosis and monitoring of asthma. Several groups have suggested that EDN is more useful than ECP in evaluating disease severity. This may partially be because of the recoverability of EDN (not sticky, 100% recovery rate), as ECP is a sticky and more highly charged protein. In terms of clinical utility, EDN level is a more accurate biomarker than ECP when analyzing the underlying pathophysiology of asthma. As a monitoring tool, EDN has shown good results in children with asthma as well as other allergic diseases. In children too young to fully participate in lung function tests, EDN levels may be useful as an alter native measurement of eosinophilic inflammation. EDN can also be used in adult patients and in multiple specimen types (e.g., serum, sputum, bronchoalveolar lavage fluid, and nasal lavage fluid). These results are repeatable and reproducible. In conclusion, EDN may be a novel biomarker for the diagnosis, treatment, and monitoring of asthma/allergic disease.
Introduction
Eosinophilderived neurotoxin (EDN), an eosinophil degra nulation product, is currently drawing much attention as a novel biomarker for the diagnosis and moni toring of asthma in both children and adults. A brief introduction to eosinophilic inflam mation and eosinophil degranulation proteins will result in several clinical studies, including EDN's role in postbronchiolitis wheezing, childhood asthma, child hood allergic rhinitis (AR), chronic cough and asthma in adults, and EDN monitoring in individual clinical cases.
Airway diseases and eosinophilic infl ammation
Regardless of the asthma phenotype, when eosinophils are activated (by infection, allergy, or both), they release EDN Korean J Pediatr 2013;56(1): [8] [9] [10] [11] [12] asthma. However, manage ment decisions have traditionally been based on symptoms (nonspecific and subjective), airway function, and rescue medication use 2, 3) . Current measures of airway inflammation (e.g., airway function) do not correlate well with underlying eosinophilic inflammation 4) . Therefore, clinicians cannot always predict the nature and extent of lower airway inflammation 5) . For ex ample, eosinophilia develops weeks before exacerbation 6, 7) .
Diagnostic assays should clearly reflect the underlying patho physiology, but many do not. Another challenge that should be overcome is the fact that some children are too young to cooperate with lung function tests. Currently, eosinophilic inflammation monitoring involves eosino phil cell counts/percentages that provide only a limit ed understanding of the activity of these cells. The secretory activity of eosinophils equals the concentrations of eosinophils times their propensity to release mediators (e.g., EDN and eosinophil cationic protein [ECP]) 8) . One way in which these act as major effector cells is through the release of granule proteins, which induce tissue damage and dysfunction, as well as the further propagation of airway inflammation. Elevated levels of ECP and EDN have been noted in asthmatics, with higher levels of ECP and EDN found during asthma exacerbation when compared with healthy patients and those with stable asthma (SA). This would suggest that airway inflammation associated with asthma exacerbation is characterized by both an increase in the number of eosinophils and an increase in airway eo sinophil degranulation.
Eosinophil degranulation proteins
Eosinophil granule proteins (EDN, ECP, major basic protein [MBP] , and eosinophil peroxidase [EPO]) ( Fig. 1) are the pro teins implicated most strongly in asthma pathophysiology 9) .
MBP is found in the core, while EDN, ECP, and EPO are found in the matrix. EDN and ECP are released almost exclusively by eo sinophils 1) . Therefore, any change in EDN or ECP levels would directly reflect changes in eosinophilic inflammation. As a monitoring tool, ECP has produced mixed results 1013) . EDN shares biochemical, antiviral, and neurotoxic properties with ECP. However, unlike ECP, EDN has little or no cytotoxicity but is more easily recoverable because it is less highly charged 14) .
It does stick slightly to the measurement wall or other cell surfaces. However, ECP is highly charged; therefore, the result is dependable on the time interval between when the blood is drawn and when it is measured. Despite this, ECP remains the eosinophil degranulation protein used most widely in clinical practice 15) . As a monitoring tool, EDN has had good results 10, 11, 16, 17) . In Taniuchi et al.'s study 11) involving atopic dermatitis patients, the serum EDN levels in mild, moderate, and severe groups were significantly higher than that in the control group (P<0.01, P<0.05, and P<0.05, respectively). ECP levels in the mild group were significantly higher than in the control group (P<0.01). Furthermore, serum EDN levels had the highest correlation with skin scores. In terms of clinical utility, EDN levels are a more accurate biomarker of the underlying pathophysiology of asthma (i.e., eosinophilic inflammation); consequently, they provide an objective mea sure of eosinophil secretory activity. The authors suggested that serum EDN is more stable than serum ECP and more strongly reflects eosinophil degranulation in vivo and in vitro.
Clinical studies using EDN 1 . Postbronchiolitis wheezing, a precursor to childhood asthma development (ELBIS study)
Most infants recover from acute bronchiolitis, but some develop recurrent wheezing. In respiratory syncytial virus (RSV) bronchiolitis, there is evidence of eosinophil activation. During this activation, granular proteins (ECP and EDN), leukotrienes, and cytokines are released 18) . The primary objective of the early intervention with leuko triene receptor antagonist (LTRA) for RSV bronchiolitis in Seoul (ELBIS) study was to investigate the effect of montelukast, a LTRA, on eosinophil degra nulation in postbronchiolitic wheezing, while the secondary objective was to determine if montelukast treatment was as sociated with a decrease in recurrent wheezing postbronchiolitis. The patients recruited for this study were 6 to 24 months old and hospitalized with their first episode of acute RSV bronchiolitis (severe viral wheezing). Each participant was treated with 4mg montelukast granules (RSVMONT group) or a matching placebo (RSVPLC group) for 3 months. This was the first placebocontrolled clinical trial of respi ratory medicine in Korean children.
The primary endpoint was serum EDN level measurement, while the secondary endpoint was cumulative recurrent wheez ing episodes for 12 months. Comparisons were made with nor mal controls. The baseline serum EDN levels in in fants with acute RSV were significantly higher than in agematched con trol subjects (n=50); interestingly, this was the first report on elevated serum EDN levels in acute and postRSV bronchiolitis. At the end of the 3month treatment period, the RSVPLC group (n=71) had significantly increased EDN levels (P<0.0001), while the RSVMONT group (n=79) had significantly decreased EDN levels (P<0.01) compared to baseline. This treatment effect last ed for the entire 12month study period. Furthermore, the RSVPLC group had significantly higher serum EDN levels than the RSVMONT (P<0.001) and control (P<0.001) groups throughout the study period 19) . An interesting fi nding was that 3month serum EDN levels correlated signifi cantly with the total number of wheezing epi sodes at 12 months in both the RSVPLC (r=0.720, P<0.0001) and RSVMONT (r=0.531, P<0.001) groups. With 53 ng/mL (median+2 standard deviations) as the cutoff point for an elevated EDN level, the positive predictive value of the 3month serum EDN level for the cumulative number of recurrent wheezing episodes at the 12month point was 57%; the negative pre dic tive value was 76%; the sensitivity was 72%; and the speci fi city was 62% 19) . It was concluded that elevated serum EDN levels were most likely caused by an increase in eosinophil degranulation during infantile wheezing 19) . However, in the absence of premorbid levels, the idea that a preexisting allergy contributed to the persistence of high EDN levels could not be excluded. Viral infection in sensitized individuals (e.g., those with allergies or atopic heredity) may induce the release of eosinophil chemo attractants such as eotaxin from airway epithelial cells, re sulting in increased EDN levels 20) . Genetic heterogeneity (e.g., Korean vs. Caucasian children) may have also contributed to high serum EDN levels 21) . The major conclusions from this study were that LTRA treat ment reduced eosinophil degranulation during postviral wheezing and that LTRA treatment was associated with a de crease in wheezing episodes postbronchiolitis. These fi ndings suggest that serum EDN levels are a useful biomarker for dia gnosing and monitoring postviral wheezing. Furthermore, a high serum EDN levels at 3 months could be a predictive bio marker for recurrent wheezing/asthma development 19) .
EDN in childhood asthma: correlation with disease severity
Total eosinophil counts (TECs) and ECP levels have been proposed as markers of disease activity. However, the use fulness of EDN as a marker in pediatric asthma has not been established yet. The objective of this study was to compare TECs and serum ECP and EDN levels with asthma symptom severity in young children.
In total, 43 young children with asthma (mean age, 2.9 years; range, 1.4 to 5.0 years) were evaluated during both the acute and stable phases of disease. Asthma severity was mea sured using a previously published symptomscoring tech nique (mild, 1 to 3; moderate, 4 to 6; severe, 6 to 9) 22) . Nineteen agematched controls were used for comparison.
TECs and serum EDN and ECP levels were measured in the acute and stable phases of disease as well as in controls. Only serum EDN levels were different between acute and SA phases (P<0.0001) and between SA and controls (P<0.0001). The pa tients were divided into 3 groups based on asthma severity, and only serum EDN levels were signifi cantly different among all 3 groups (mild vs. moderate, P<0.01; moderate vs. severe, P<0.0001; mild vs. severe, P<0.0001). Serum EDN levels show ed the greatest correlation with symptom severity score (Rs=0.850, P<0.0001) during the acute phase when compared to serum ECP levels and TECs. Serum EDN levels also showed the greatest significant change (P<0.0001) between disease phases (i.e., acute vs. stable) when compared to serum ECP levels (P<0.01) and TEC levels (P<0.01) 23) . It was concluded that serum EDN level is also a useful bio marker for asthma pathophysiology and may better reflect asthma severity than ECP level or TEC. With further study, serum EDN levels may provide an objective, repeatable, and reproducible measure of the eosinophil's secretory activity and may be a more useful monitoring tool than serum ECP levels and TECs 23) . 
EDN in other specimen types
EDN levels can also be measured in induced sputum (IS), bronchoalveolar lavage fluid (BALF), and nasal lavage fluid (NLF). Each specimen type has its advantages and disadvan tages compared to serum. For example, serum is always avail able and easy to obtain compared to other specimen types.
IS EDN in children with SA
IS was obtained from 30 SA, 21 AR, and 22 nonatopic healthy control (HC) children. All children were 7 to 15 years of age. Sputum EDN levels in the SA group were significantly higher than those in the AR (P<0.01) and HC groups (P< 0.0001). Sputum eotaxin correlated significantly with sputum EDN, ECP, and eosinophil percentage. However, sputum inter leukin5 correlated only with sputum EDN levels, not sputum ECP levels or sputum eosinophil percentage 24) . In conclusion, sputum EDN levels may aid differential diagnosis of asthma and AR.
IS EDN in asthma and chronic cough (adult study)
The objective of this study was to investigate whether eo sinophil degranulation is a distinctive feature of asthma and whether it can be used for distinguishing between chronic cough patients with asthma and those without asthma. Thirty seven patients with a chronic cough for >1 month and 9 normal individuals (controls) were enrolled.
The sputum eosinophil percentage was increased in the asthma (P<0.001) and nonasthma (P<0.05) groups compared with the control group. Sputum EDN levels were increased in the asthma group compared with the nonasthma (P<0.05) and control (P<0.05) groups. However, EDN levels were not increased in the nonasthma group compared with the control group. These findings suggest that eosinophil degranulation is more important than eosinophilia in identifying asthma 25) .
Individual clinical cases monitoring with EDN
EDN can be used to monitor asthma treatment. For example, the treatment efficacy of LTRA is demonstrated by a reduction in EDN levels (i.e., a reduction in eosinophil degranulation) from elevated values to normal values (13 to 45 ng/mL) 19) . EDN levels also reflect the natural course of asthma. Without treatment, EDN concentrations increase from values within the normal range to significantly elevated levels.
Conclusions
As a monitoring tool, EDN has shown good results in child ren with asthma, as well as other allergic diseases. EDN can also be used in adult patients and in multiple specimen types (e.g., serum, sputum, BALF, and NLF). These results are repeatable and reproducible. In conclusion, serum EDN can be used as a novel biomarker for the diagnosis, treatment, and monitoring of asthma/allergic disease.
